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Dielectric  Constants  of  the  Lead  Azides 


INTRODUCTION 

In  a  previous  report  do  tells  were  given  of  the  method  used 
for  measuring  the  shift  in  the  resonance  frequency  of  a  cavity  duo  to 
tl:o  introduction  of  a  small  rod  of  a  dielectric  material*  It  wa a 
sham  hoi;  thi3  frequency  shift  is  rolatcd  to  the  real  part  of  the 
dielectric  constant  of  the  material* 

The  method  of  determining  the  change  in  the  Q's  of  the  cavils 
and  the  relationship  between  these  anti  the  imaginary  dioloctric  constant 
of  the  material  wore  also  quanta tetively  given*  Zxpcriinentol  date 
were  presented  on  ono  Sr.ple  of  polystyrene  and  ono  sample  of  load 
azide  in  the  froquenoy  range  39-42  Kmc*  Tlie  precision  of  tho  date  was 
discussed  in  the  oaso  in  which  the  same  sample  is  used  throughout  a 
series  of  Measure.'.'. outs  • 

In  this  report  the  date  have  boon  extended  to  include  several 
samples  of  polystyrene  and  lead  azide  in  the  frequency  range  39-49 
Khc .  Those  results  indicate  tho  effect  of  carrels  shape  and  irregularity 
on  the  precisian  of  tho  results*  It  is  shown  that  such  factors  as 
(1)  the  irregular  shape  of  the  crystals,  (2)  the  fact  that  the  ends 
of  the  sanple  arc  not  exactly  at  nodes  in  the  field  at  all  frequencies, 
(3)  the  very  large  number  of  crystal  defects  present,  etc*,  have 
effects  on  the  values  of  tlie  dielectric  constant  dotorained  by  the 
pro;: on t  technique* 


II.  SXhhilLim'AL 


Maasurcuonta  were  made  on  five  sa-  plea  of  polystyrene  in  the 
frequency  rango  39-42  K>je  and  on  faux*  sajap&os  of  polystyrene  in  the 
frequency  range  45-49  Sac.  One  sn:aple  of  <j^~lee.d  azide  and  four 
sa.'  .plea  of  fo  -lead  azide  wore  atufii  ©d  3«  the  frequency  range  39-49  It jc » 

Tl:oao  azide  ecu, -pice  were  of  various  sizes*  The  wisaos  ranged  fro:.: 

„e 

0.03  ng  to  1*3  :«g  with  corres-nnding  volumes  of  l.D  xlC  to 
2*7  x  10~3  cm3*  The  volumes  were  calculated  using  the  litora  in  ire 
density  values  as  determined  by  x-ray  dif fraction  and  the  sample 
weight.  This  fact  is  nontionod  because  the  nethod  does  not  talc  into 
account  the  presence  of  crystal  defects* 

All  meaaurumcn'uri  vero  taken  as  described  in  an  earlier  report 
Sac.h  entry  rerroaontti  an  average  of  ton  ncr.nurcc.:cnba*  The  TK012  Kode 
was  used  throughout  and  the  width  of  the  resonance  curve,  Af  1 ,  was 
taken  at  -7*0  dfc  for  the  Q  measurements  in  all  case,'}* 

Instrumental  difficulties  have  plagued  this  work  continuously* 
•First  a  ripple  in  the  klystron  power  supply,  causing  an  unsteady 
r-f  output,  foreclosed  every  attempt  at  attaining  meaningful  data* 

This  was  followed  by  trouble  with  the  aneotrur;  analyzer  vised  to  mt 
icnrlcer  on  the  oscilloscope  trace  of  power  versus  frequency*  In  each 
of  these  cases  unsuccessful  attempts  were  wade  to  correct  the  mal¬ 
functions  in  tliis  laboratory.  Assistance  was  obtained  from  the 
Electronics  Service  Section  of  ERDL  at  fort  del voir  but  the  malfunctions 
could  not  bo  isolated  and  ccrrec  bed*  Finally  the  power  source  unit 
and  the  spectrum  analyzer  were  returned  to  the  manufacturer,  Folorad, 


Inc*,  in  New  York*  After  complete  overhaul,  these  instruments  are  now 


functioning  properly.* 

Considerable  tine  and  effort  were  expended  ir.  at  tempts  to 
design  end  build  s.  shutter  which  would  facilitate  mcl  accelerate 


tiie  Q-neusureucnts •  A  drawing  of  ono  design  was  shown  in  one  of  the 
earlier  reports.  Design  of  such  a  shutter  for  a  single  frequency  would 
not  present  major  difficulties}  but  a  shutter  to  cover  a  wide  range  of 
frequencies  presents  problems  which,  ac  yot,  vc  have  not  solved* 

In  every  attempt  which  we  havo  roade,  either  the  loss  at  the  shuttor  was 
too  large  or  data  vrero  not  reproducible.  While  it  is  thought  that 


thu  design  of  such  a  shutter  is  quite  feasible,  it  was  considered 
inadvisable  to  or. /end  noro  tine  in  this  direction  at  this  ti:;;o. 

III.  rABOLAriOH  CP  DATA 

The  observed  data  are  recorded  in  tables  I-V.  In  table  I 
are  recorded  all  data  necessary  for  calculation  of  the  real  dielectric 

constant  of  lead  assidc.  fhe  values  of  the  real  dielectric  constant  , 

v 

calculated  from  this  data  are  recorded  .in  table  II.  llie  corresponding 
data  for  polystyrene  are  recorded  in  tables  111  and  V. 
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33/.  ERRORS 


The  expression  for  the  real  diolodtric  constant,  , 


i.'hare  fo  ia  tho  rcao: 


;nce  frequency  of  the  cavity,  A?  la  the  shift  in 


resonance  frequency  of  the  cavity  on  introduction  of  the  sa  -pie  Vc 
and  V  are  the  volumes  of  the  cavity  and  the  sample,  respectively, 


Kid.  G  is  given  by 

G  = 


1.008  o2 

T77~ 


(2) 


Hero  o  is  the  velocity  of  light,  d  is  the  diuueter  of  the 

cavity,  and  fo  has  beer  defined  above. 

The  quantity  Af  ia  read  directly  frw  a  General  Radio  Oscillator 

as  described  in  an  earlier  report.  Frequency  calibration  of  tills 

,  o 

instrument  indicates  that  it  is  accurate  to  ly«  However  tho  blank 
spaces  in  the  power  versus  frequency  plot  on  the  oscilloscope  screen 
welch  serve  as  Barkers  have  a  length  which  is  dependent  on  the  ampli¬ 
fication  in  ther  four-channel  amplifier.  These  factors,  along  with 
fluctuation  of  frequency  along  the  frequency-axis  of  the  oscilloscope  , 
increase  the  error  to  about  2-2.5 i •  A  typical  series  of  Af  values 
arc  those  for  sample  number  2  lead  aside.  They  are  21.5,  22.2,  22.2,  23.0, 


23.0,  22.5,  22.7,  22.0,  22.2  and  22.2  me  with  on  average  value  of 
22.4  me.  This  range  of  +  0.5  no.. corresponds  to  +  0*2  units  -  of  /^z  °r 


about  2^  assuming  all  other,  errors  are  negligible* 

1*  E.  F.  Labuda  and  H.  0.  LeCraw,  key.  Sci.  Instruments  32  .  39l(l9&l). 
2.  CaliDratlon  porforacd  by  the  General.  Radio  Caipruiy* 


-10- 


'The  quan  ’city  f0  ip  easily  read  -to  C*01  Kmc  ;■;!  Ich  gives  1 
part  In  4000  in  the  40  Kmc  region  and  above*  but  this  is  a  wave 
HQ  tor  reading  and  is  da  (indent  on  the  Q  of  the  wavemeter  cavity* 

This  effect  reduces  the  certainty  of  fo  ^0  about  1  in  400  based  on 
the  span  of  the  frequency-axis  of  the  oscilloscope* 

The  size  of  the  cavity  is  sufficiently  large  to  make  the  error 
in  its  volume  small  also*  Since  Vq  is  given  byrrr^l*  whore  r  is 

the  radius  and  the  lengthy  its  error  can  be  calculated  exactly* 

/ 

AVC  =  2  fTrj&r  +  TT^A/*  (3) 

where  AV  .  Ar  and  figure  the  errors  in  tho  volu-.o,  radius  and  length 
'  0  ? 

of  tl  .e.  oavity,  respectively*  The  cavity  was  machined  3uch  that- 
the  error  in  r  and, is  about  10"3  ora  for  each*  With  order  of 
magnitudes  of  r  and  of  0*5  cm  and  1*0  cm,  respectively,  p 
4  x  1C”3 ora3 •  Since  Yq  is  about  0*5  cm3,  the  error  in  VQ  is  about 


Tho  error  in  V_,  the  volume  of  the  sample  is  not  easily 

O  ■ 

estimated*  In  the  milligram  range  the  weight  of  the  samples  con  bo 
determined  to  a  microgram*  This  would  easily  yield  about  1  part  in 
10Q0  but  the  density  is  npt  known  as  well*  More  will  be  said  about 
this  problem  below*  For  the  present  the  error  in  V  will  be  assumed 

h  P  , 

to  bo  of  the  same  qrdor  as  that  ip  V  *  Thus  it  appears  that  tho 

0! 

error  in  Af  at  2*5 f  ia  the  largest  single  error  factor  end  we  expect 

to  be  approximately  +  3^* 


pn  tlxis  basis  that  the  error  in 


% 


V.  DISCUSSION 


The  data  on  £  -lead  azide,  while  13 pi tod,  tend  to  confirm 
our  conclusion  of  the  error  in  this  method*  This  is  also  true  v/hon 
measurements  on  the  sp.Vio  sample  of  0  -lead  azide  are  considered* 

however,  when  different  samples  of  0  -load  azide  arc  cc:'. pared 


at  the  sane  frequency ,  the  agreement  is  poor,  ranging  free  about  9-12 
at  39  ifcic  and  about  3.0-15  at  49  Snc.  Such  fluctuations  in 
aro  clearly  outside  the  range  of  experimental  error* 

As  stated  earlier  a  stud;/  of  several  samples  at  the  ease 
froouonoy  affords  an  opportunity  to  ovtiluato  the  effect  of  irrogulnritier 
:ln  the  shape  of  the  aoupla*  While  the  oryotal3  studied  appear  to  be 


very  snail  parallelepipeds  when  examined  with  the  naked  eye,  with 

the  aid  of  a  microscope  the  faces  are  observed  to  he  somewhat 

irregular*  This  moans  that  instead  of  dealing  with  a  single  crystal, 

vie  Ito.vo  a  largo  number  of  micro-crystals*  It  2r.ay  be  that  the  dielectric 

cor.ste.nt  taken,  .along  different  axes  is  different,  that  is  bo  say  it 

may  'ye  a  tensor  instead  of  a  scalar.  If  this  were  true,  clearly, 

it's 

orientation  would  greatly  affect  the  values  of  '<&0  observed*  Methods 
to  detect  this  lx/  using  a  preferred  orisnt&ticn  have  not  boon  attempted 


because  of  the  very  small  size  cud  fragility  of  these  crystals •  A 


tenth  of  a  milligram  crystal  which  is  about  4-  long  is  not  easily 
oriented,  although  Methods  could  be  devised* 

When  viewed  under  a  nieroscope ,  it  is  evident  that  these 
cryat&la  have  many  faults  and  dofects*  These  rake  c».e  suspicious  of 
the  use  of  tho  density  as  determined  by  x-ray  diffraction*  It  is 
realized  that  the  use  of  sample  vclans  calculated  in  this  warmer  nay 
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produce  fluctuation  in  'e0but  no  other  method  for  determination 
of  densities  of  those  small  crystals  has  been  found  in  the 
literature  or  devised  by  ub» 

Another  factor  which  should  be  considered  is  the  fact  that 
the  sample  increasingly  reaches  beyond  the  nodes  in  the  field 
as  the  frequency  is  increased.  Although  tho  ends  of  the  sample 
were  positioned  at  nodes  for  tho  lowest  frequency,  this  is 
true  only  at  that  frequency*  This  effect  may  be  reflected  in 


tho  .-Increase  in  %  with  increasing  frequency,  although  it  is 
more  likely  to  have  the  opposite  effect* 

It  ha3  been  obsorved  that  these  small  crystals  will  pick 
up  (what  has  boon  interpreted  as)  free  surface  charges*  The 
effoct  of  this  phenomenon,  if  any,  on  the  experimental  results 
is  not  known* 

Finally,  we  point  out  that  tho  rise  in  with  frequency 
may  bo  a  response  similar  to  that  predicted  by  the  results  of 
classical  electromagnetic  theory.^  On  the  other  hand  it  could 

preface  the  resonance  one  would  expect  if  the  azide  ion  has  a 

■a  —  4 

j  ground  state* 


3*  See  for  example:  "Dielectric  Materials  and  Applications", 

John  Wiley  and  Sons,  Inc* 

4*  M.  Mizushima,  Socond  Quarterly  Report,  October,  195S-January,1959, 
Project  Morty,  ERDL,  Fort  Belvoir,  Virginia. 
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VI.  PRESENT  STATUS 

At  the  present  time  vjq  are  determining  for 

load  azide  in  the  50-60  Knc  range*  Since  the  Polarad  EHF  power  source 
does  not  cone  equipped  with  "plug-in"  units  above  50  Kmc,  it  was 
necessary  to  design  a  "dummy"  panel  and  alter  the  circuit  such  that 
bean  voltage ,  reflector  voltage ,  grid  voltage ,  modulation ,  etc • , 
could  be  controlled  from  this  panel.  In  this  viay  wo  are  able  to  operate 
a  klystron  of  any  frequency  range  with  this  supply  unit.  This  is 
not  the  most  efficient  unit  however.  Frequent  interruptions  arc 
caused  by  malfunctioning.  The  problem  has  recently  been  solved 
by  the  purchase  of  an  FXR  Universal  klystron  supply.  This  was 
thought  advisable  since  the  klystron  power  supply  presently  being 
used  in  the  nic rewave  spectrograph  docs  not  belong  to  this  project. 

Recently,  tho  two  matched  klystrons  (QK-295), 
which  together  cover  the  50-60  Kmc  range,  have  been  giving  trouble. 

They  have  been  returned  to  the  Raytheon  Company  and  as  yet  no  word 
has  been  received  concerning  then.  This  has  forced  us  to  attempt  to 
generate  power  in  this  range  by  using  a  lowor-rangc  klystron  coupled 
to  a  harmonic  multiplier.  The  frequency  of  this  klystron  is  such 
that  the  second  harmonic  would  cover  a  large  portion  of  the  50-60 
Kr.ic  range.  So  far  we  have  not  been  able  to  detect  the  second  harmonic. 

As  scon  as  nicrowavo  power  is  available,  the 
50-60  Kmc  range  can  be  rapidly  studied,  barring  any  other  serious 
malfunctioning.  Indeed  the  waveguide  circu.it  is  complete  up  through 
the  75  Khc  point  except  for  a  cavity  and  the  necessary  klystrons. 


